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Substrate Specificity and Dynamic Instability of RAD51-Filament Assem-
bly on Single- and Double-Stranded DNA
Andrea Candelli1, Thomas J. Holthausen2, Martin Depken1,
Mauro Modesti3, Claire Wyman2, Gijs J.L. Wuite1, Erwin J.G. Peterman1.
1VU University Amsterdam, Amsterdam, Netherlands, 2Erasmus University
Medical Center, Rotterdam, Netherlands, 3Centre national de la recherche
scientifique, Marseille, France.
Homologous recombination (HR) is an essential DNA-repair strategy present in
all life forms. The coremachinery catalyzing this transaction in human cells is the
recombinaseproteinRAD51, bound as a helical filament on single-strandedDNA
(ssDNA). Here we use a combination of single-molecule fluorescence micros-
copy, optical tweezers and micro-fluidics to directly visualize the assembly
and disassembly ofRAD51filaments on ssDNAwith singlemonomer resolution.
This approach allows us to quantify rates of nucleation and growth as well as the
size of the nucleation unit. Our findings show that RAD51 can select with high
specificity between ssDNA and double-stranded DNA by sensing their different
mechanical properties (see figure). We also observed that RAD51 nuclei are
characterized by dynamic instabilities, whose occurrence depends on the actual
size of thenascentRAD51filament.Ourfindingsprovide thebasis for amolecular
description of the
RAD51-ssDNA as-
sembly mechanism,
which is essential to
understand the role
of accessory pro-
teins, such as
BRCA2 that medi-
ate and regulate
RAD51filament for-
mation in vivo.1424-Pos Board B194
Single Molecule Studies of Bacterial Transcription Coupled Repair
Kevin Ho Wan.
Institut Jacques Monod, Paris, France.
Transcription coupled repair (TCR), a sub-pathway of the nucleotide excision re-
pairmechanism, is activatedwhen aRNApolymerase (RNAP) is arrested during
transcription by DNA damage. TCR is a ubiquitous cellular response important
formaintenance of DNA integrity. Some human genetic disorders are associated
with defect on TCR, like the Cockayne syndrome for instance. In the bacterium
Escherichia coli, TRCF, the product of themfd gene, is the DNA translocase that
couples transcription and DNA repair: it recognizes a stalled ternary elongation
complex, dissociates it, and recruits the UvrABC repair machinery.
We used a single molecule approach, by means of magnetic tweezers, to study
the initiation of TCR and monitored the dissociation of individual RNAPs by
individual TRCFs in real time. We have identified that TRCF acts on stalled
RNAP by remodeling the transcription bubble in two successive ATP-
dependent steps separated by a novel intermediate denoted RD*.
Statistical analysis of the time required to dissociate the stalled RNAP at dif-
ferent concentrations of TRCF has shown that the displacement of the ter-
nary elongation complex is a three limiting-steps process: (i) recruitment
of TRCF to the stalled RNAP, (ii) activation of TRCF and initiation of
the dissociation of RNAP by rewinding of 2/3 of the transcription bubble,
and (iii) complete dissociation of the elongation complex. The intermediate
complex RD* formed after the first step of rewinding is characterized by
a long lifetime, which suggests that it would behave as a temporally reliable
marker, enabling the recruitment of the UvrABC repair machinery to the
damaged site.
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Mechanism of D-Loop Disruption by the Human Bloom’s Syndrome
Helicase
Ga´bor Harami, Ma´te´ Gyimesi, Miha´ly Kova´cs.
Eo¨tvo¨s Univ., Budapest, Hungary.
The most toxic form of DNA damage is the double-stranded DNA break (DSB).
To avoid the harmful consequences of DSBs, cells use homologous recombina-
tion (HR)-based error-free DNA repair mechanisms. HR processes must be
highly organized and regulated in order to take place in the right context, be-
cause illegitimate HR and incorrect DNA repair may cause severe genetic ab-
normalities that can lead to cell death or different types of cancer. Human
Bloom’s syndrome DNA helicase (BLM), a member of RecQ family, plays cru-
cial roles in HR progression and regulation. In the early steps of HR a three-stranded complex DNA structure, a displacement loop (D-loop), is generated
by the strand exchange activity of Rad51 recombinase. The formation of D-
loops is essential for HR progression. BLM is able to perform quality control
of HR by disrupting D-loops. To investigate the mechanism of D-loop disrup-
tion we generated a series of truncated mutants of BLM and set up a gel based
fluorimetric assay to monitor the dissolution kinetics under single round condi-
tions. Interestingly we found that all of the investigated constructs are able to
disrupt D-loops. Moreover, our quantitative analysis revealed that the different
constructs use distinct processing mechanisms. Our results demonstrate how
BLM is capable of regulating HR by the dissolution of D-loops and how the
different domains present in BLM regulate D-loop processing.
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Swi5-Sfr1 Stabilizes Formation of RAD51 Nucleoprotein Filaments
Cheng-ting Tsai.
National Taiwan University, Taipei, Taiwan.
In mammalian cells, Swi5-Sfr1 is involved in the Rad51-mediated homolo-
gous recombinational repair of damaged DNA. Swi5-Sfr1minus cells showed
a reduced level of homologous recombination events upon the challenge of
BRC peptides. This observation suggests possible regulatory roles of Swi5-
Sfr1 on the formation of Rad51 nucleoprotein filaments. We used a single-
molecule optical tweezers method to directly measure the length of Rad51
nucleoprotein filaments. In the presence of Swi5-Sfr1, DNA substrates are
found to be extended by 50 5 7%, whereas Rad51 alone nucleoprotein fila-
ments are only 20 5 13% extended. The rather large length distributions in
the latter case imply Rad51 binding dynamics in ATP condition. Consistently,
time-course studies showed that Swi5-Sfr1/Rad51 nucleoprotein filaments are
dynamically stable with 1.615 0.07 fold extension in DNA length compared
to B-form duplex DNA. Rad51 alone nucleoprotein filaments had 1.22 fold
extension and showed a relative large fluctuation 0.14 fold in DNA length.
This observation indicates Swi5-Sfr1/ Rad51 nucleoprotein filaments are not
only more extended but also dynamically more stable. However, upon raising
ATP concentration or using non-hydrolyzed analog of ATP, Rad51 alone nu-
cleoprotein filaments showed stable dynamic behaviors. Together, these re-
sults suggest a nucleoprotein stabilization role of Swi5-Sfr1 upon the
challenge of low ATP concentration. This function of Swi5-Sfr1 may form
a mechanistic basis to elucidate homologous recombination enhancing activ-
ities observed in vivo.
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Single-Molecule Study of RecG Activity at a 3-way DNA Junction
Ilbuem Lee1, Seok-Cheol Hong1, Chris Toseland2.
1Korea University, Seoul, Korea, Republic of, 2Ludwig-Maximilians
University, Munich, Germany.
In E. coli, replicative DNA polymerases are often stalled for various reasons:
head-on collision of DNA polymerases, blockage by frozen DNA-protein com-
plexes or DNA damage by UV and oxidative stress. In particular, DNA damages
causingpolymerase stalling should be properly repairedbyDNArepair pathways
suchasNERandHR. In order to avoid the impasse due to polymerase stalling and
repair theDNAdamages eventually, the stalled fork (3-way junction) is regressed
for a proper repair on the damaged site. In the process of fork regression, RecG is
thought to play a pivotal role: at the back of the fork, it may pump DNA back in
order to convert the 3-way junction to a 4-way chicken-foot structurewhereby the
damaged spot becomes rewound and prepared for repair process.
In our study, we examined the activity of RecG at a 3-way junction at the
single-molecule level. Using single-molecule FRET technique, we clarified
how RecG unwinds newly-synthesized DNA strands and induces the conforma-
tional transition of branched DNA structures. We also investigated the effects
of monovalent cation, ATP, and ATP analogs on RecG activity and measured
the rate of unwinding of DNA by RecG.
From our study, we found in detail how RecG functions: it binds to a 3-way
junction resembling a stalled replication fork and unwinds the junction to
a 4-way junction in an ATP-dependent manner.
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Single Molecule DNA Interactions Between the E. Coli DNA Polymerase
III a Subunit and the Polymerase Manager Protein UmuD
Clarissa Ruslie, Kathy Chaurasiya, Michelle C. Silva, Philip Nevin,
Penny J. Beuning, Mark C. Williams.
Northeastern University, Boston, MA, USA.
The E. coli replicative DNA polymerase III (Pol III) a stalls upon encountering
DNA damage. Specialized translesion synthesis (TLS) DNA polymerases are
required for efficient bypass of damaged DNA. Although the mechanism for
exchanging Pol III a for a TLS polymerase is not yet well understood, the pro-
tein UmuD is extensively involved in modulating cellular responses to DNA
damage. UmuD binds both the polymerase a and the b processivity clamp,
Monday, February 27, 2012 281awhich tethers a to the DNA template. This interaction releases a from b, which
has been proposed to facilitate polymerase switching (Silva et al. in prepara-
tion). Furthermore, UmuD may bind a and disrupt its interaction with the
single-stranded DNA (ssDNA) template in an effort to facilitate polymerase ex-
change. We use single molecule DNA stretching, a technique that was previ-
ously used to characterize the DNA binding properties of a (McCauley et al.
ACS Chem. Biol. 3, 2008), to investigate the possibility that UmuD disrupts
the binding of a and ssDNA. Preliminary data suggests that, although UmuD
alone does not bind DNA, its presence with a weakens the binding of a to
ssDNA. Additionally, UmuD and a together appear to stabilize double-
stranded DNA (dsDNA), which suggests that UmuD may facilitate a binding
to dsDNA at the expense of ssDNA binding.
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Studying RecA Homology Search Mechanism using Single-Molecule
Methods
Song-Mao Liao, Yen-Cheng Chen, Hung-Wen Li.
National Taiwan University, Taipei, Taiwan.
RecA recombinase plays an important role in repairing the double-strand DNA
breaks in E. coli. To repair damaged DNA, RecA first forms a nucleoprotein
filament on a single-stranded DNA molecule, this nucleoprotein filament
then searches and pairs the homology duplex DNA, and finally carries out
the strand exchange reaction to initiate the homologous recombinational repair.
To ensure that the repair process is carried out within the limited timescale set
by the cell cycle of E. coli, it is important that RecA nucleoprotein filament lo-
cates its homologous sequence efficiently. Several search mechanisms have
been proposed: a one-dimensional sliding (1D), a three-dimensional hopping
(3D), and a facilitated intersegment transfer model. We have used two
single-molecule imaging techniques to investigate the homology search mech-
anism of RecA nucleoprotein filaments. By applying a lateral force of a few pN
to a bead-tethered dsDNA, the dsDNA is extended horizontally, and the diffu-
sion trajectories of the labeled RecA nucleoprotein filaments (labeled with
a bead or quantum dot) can be visualized at the single-molecule level. From in-
dividual searching events, the diffusion coefficient of the RecA nucleoprotein
filament is determined to be ~ 106 nm2/s. The salt dependence of the diffusion
coefficients from 0 to 200 mM NaCl allows us to distinguish its major search
mechanism.
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Using a Single-Molecule Method to Visualize RecBCDHelicase Transloca-
tion along Single-Stranded DNA
Cinya Chung.
National Taiwan University, Taipei, Taiwan.
The E. coli RecBCD helicase initiates the repair of double strand DNA break in
the homologous recombination pathway. RecBCD is a heterotrimeric enzyme
composed of two helicase motors with different polarities: RecB is a 3’-to-
5’ helicase and RecD is a 5’-to-3’ helicase. How RecBCD unwinds and
translocates along duplex DNA is not clearly defined. Here we used a single-
molecule tethered particle motion (TPM) experiment to visualize the RecBCD
helicase translocation over long distance single-stranded (ss) DNA. We first
prepared DNA substrates containing a > 200 nt long, unstructured ssDNA
gap flanked by double-stranded DNA for RecBCD loading. In the TPM exper-
iments, the bead-labeled, biotinylated RecBCD helicases are found to recog-
nize and bind to the blunt, double-stranded DNA end, and successfully
translocate along the duplex/single-stranded/duplex DNA substrate, resulting
in a gradual decrease in the bead Brownian motion amplitude. Successful ob-
servation of RecBCD translocation over long ssDNA gap in either 3’-to- 5’ or
5’-to-3’ direction indicates that wild-type RecBCD functions an ssDNA
translocase.
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Single-Molecule Studies of the E. Coli Translesion Replisome
James E. Kath.
Harvard Medical School, Boston, MA, USA.
Translesion polymerases (TLS pols) are enzymes that replicate over naturally
occurring DNA lesions that slip past repair mechanisms, as part of the damage
tolerance pathway. Found in all three domains of life, TLS pols have unique
structural features that allow them to replicate over DNA adducts and modifi-
cations that would otherwise stall the replisome. This evolved ability comes at
a sacrifice - the inability of TLS pols to incorporate opposite undamaged DNA
with high fidelity - suggesting careful regulation of polymerase access to the
replication fork.
We report a multiplexed, single-molecule assay to observe real-time DNA syn-
thesis by a minimal E. coli replisome in vitro and have observed switching be-
tween Pol III, the replicative polymerase, and one of its translesion
counterparts, Pol IV.1432-Pos Board B202
Impact of Macromolecular Crowding on DNA Replication
Barak Akabayov, Charles C. Richardson.
Harvard Medical School, Boston, MA, USA.
Enzymatic activities in vivo occur in a highly crowded and confined environ-
ment mainly composed of protein and nucleic acid macromolecules. A crowded
environment: 1) enhances the apparent concentration of the measured macro-
molecule, 2) leads to desolvation of water molecules around the proteins, 3) de-
crease degrees of freedom for diffusion and molecular hopping of proteins on
their DNA substrates, and 4) enhances binding equilibria and catalytic activities
of those macromolecules. However, the effect of macromolecular crowding on
the structure of the proteins involved is poorly understood. We have character-
ized the effect of macromolecular crowding on the DNA replication machinery
of bacteriophage T7. The structural effects that are involved in a crowded en-
vironment were probed using small angle X-ray scattering. Our results show the
consequences of macromolecular crowding on the structure and the function of
the bacteriophage T7 replisome. Under macromolecular crowding conditions
the increased readout of the replisome activity is accompanied by a more com-
pact structure of the replisome.
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Mathematical Model of Telomere Length Maintenance in Mitochondrial
DNA of Yeast
Katarina Bodova, Richard Kollar, Lubomir Tomaska, Jozef Nosek.
Comenius University, Bratislava, Slovakia.
The terminal structures of linear mitochondrial DNA in yeast consist of repet-
itive long tandem units of different lengths (telomeres). Besides these linear
telomeres other cyclic configurations as telomeric circles and telomeric loops
were observed experimentally and are suspected to play an important role in
the alternative mechanism of the telomere length maintenance in the absence
of telomerase (ALT).
In this work we construct a mathematical model that captures biophysical in-
teractions of various telomeric structures on a short time scale and that is
able to reproduce experimental measurements in C. parapsilosis, P. philodendra
and C. salmanticensis. We identify the key factors influencing the length distri-
bution of telomeric circles, linear telomeres and telomeric loops using numer-
ical simulations for the model we have constructed. Moreover, the model opens
up a couple of interesting open mathematical problems in quasi-steady state ap-
proximation and discrete coagulation-fragmentation dynamical systems.
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Nucleoid Morphology in E. Coli is Cell Shape Dependent
Jay K. Fisher.
Harvard University, Cambridge, MA, USA.
In a typical E.coli cell, nucleoid morphology, as determined from 3D fluores-
cence imaging of an Hu-mCherry fusion protein, has been shown to be a dy-
namic helicoidal ellipsoid . Using the replication of the origin as a marker to
align data sets temporally, we have investigated the morphology of this struc-
ture with 5sec resolution throughout the cell cycle. Here we show that number
and pitch of the helical turns is depend upon the portion of the genome that has
been replicated and the size of the cells. Additionally, we show that longitudi-
nal sub-structures vary as a function of cell cycle as well.
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A Multi-State Mechanism of Nucleotide Selection in DNA Polymerase I
Revealed by Single-Molecule FRET
Svitlana Berezhna, Rajan Lamichhane, David Millar.
Scripps Research Inst, La Jolla, CA, USA.
To carry out accurate and rapid DNA synthesis, DNA polymerases must
quickly sample among incoming nucleotides and discriminate against incorrect
ones (not complementary to the template base). Precise and finely tuned molec-
ular mechanisms regulating this process remain to be fully explained. An exist-
ing model based on crystallographic data suggests that a mobile segment of the
protein known as the fingers domain can rapidly switch between an open and
closed conformation, thereby fitting a complementary incoming nucleotide
and rejecting non-fits before the chemical step of nucleotide incorporation. Ex-
actly how the nascent base pair is sensed by the polymerase remains nebulous.
We were able to gain insights into the workings of E. coli DNA polymerase I
(Klenow fragment, Pol I KF) during the process of the nucleotide selection
using a single-molecule FRET technique. To detect the conformational
rearrangements around the nascent base pair, we specifically labeled a sur-
face-immobilized primer-template with Alexa 488 (donor) and the introduced
cysteine residue 744 on the mobile segment of the fingers domain of Pol I KF
with Alexa 594 (acceptor). TIRF microscopy with FRET detection was used to
monitor the conformational dynamics of individual Pol-DNA complexes in
real-time, revealing that the protein rapidly samples three key states during
